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(54) HIGH-PRESSURE FUEL FEED PUMP OF INTERNAL COMBUSTION ENGINE 



(57) An intake valve automatically opened and 
closed by pressure of a pressuring chamber is provided 
in a fuel intake passage, the intake valve is pushed to 
open by a plunger of an electromagnetic plunger mech- 



anism, pulling-in operating timing of the plunger is con- 
trolled according to the operatincffcondition of an internal 
combustion engine, and opening time of the intake valve 
during compression stroke of a pump is controlled to 
make discharge flow-rate of high pressure fuel variable. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a high pres- 
sure fuel supply pump, and particularly, to a high pres- 
sure fuel supply pump suitable for feeding under pres- 
sure high pressure fuel to a fuel injection valve of an 
internal combustion engine. 

[0002] Further, the invention relates to a high-pres- 
sure fuel supply pump provided with a variable capacity 
mechanism for adjusting quantity of fuel discharged. 

BACKGROUND ART 

[0003] 

© In a conventional high pressure fuel supply 
pump, for example, as shown in Japanese Patent 
No. 2690734 Specification, fuel is supplied from a 
tank to a high pressure pump by a low pressure 
pump to increase its pressure to high, and is sup- 
plied to a common rail. Within the high pressure 
pump, an intake passage and a discharge passage 
are communicated with an upper end surface of a 
pressurizing chamber and an intermediate side wall 
of the pressurizing chamber respectively. 

Further in the other conventional high pressure 
fuel supply pump, for example, as shown in Japa- 
nese Patent Application Laid-Open No. 
Heh 0-31 8091 Publication, an intake passage and 
a discharge passage are communicated with an in- 
termediate side wall or an upper end surface of a 
pressurizing chamber and an upper end surface of 
the pressurizing chamber, respectively. 

Incidentally, when the engine is first started, or 
restarted after stoppage for a long period, vapor of 
air or fuel is present within a fuel pipe. Therefore, 
immediately after start, the pressure increasing 
characteristic of the high pressure pump is apt to be 
deteriorated. To prevent this, it is necessary to rap- 
idly discharge air or fuel vapor within the pressuriz- 
ing chamber of the high pressure pump to thereby 
secure the pressure increasing characteristic of the 
high pressure pump, and to rapidly supply fuel into 
the common rail by a low pressure pump of large 
discharge capacity. 

However, in the high pressure fuel supply pump 
described in Japanese Patent No. 2690734 Speci- 
fication, an intake passage and a discharge pas- 
sage are provided on an upper end surface of a 
pressurizing chamber and an intermediate side wall 
of the pressurizing chamber, respectively; thus pos- 
ing a problem in that in the intake stroke, vapor or 
the like is hard to be discharged on the intake pas- 
sage side due to the intake fuel, and in the dis- 
charge stroke, the vapor or the like is apt to remain 
within the pressurizing chamber above the dis- 



charge passage, thereby lowering the supply prop- 
erty of fuel. 

Also in the constitution described in FIG. 5 of 
Japanese Patent Application Laid-Open No. 

5 Hei1 0-31 8091 Publication, a discharge passage 
within the high pressure pump is provided in an up- 
per end of a pressurizing chamber, and therefore, 
vapor within the pressurizing chamber is apt to be 
discharged. However, both the above-described 

10 prior arts have a problem in that since fuel fed from 
the low pressure pump is communicated with the 
pressurizing chamber which changes in volume due 
to piston motion within the high pressure pump, 
even if an attempt is made to supply fuel to the com- 

15 mon rail by the low pressure pump immediately af- 
ter the engine starts, the piston motion within the 
pressurizing chamber makes resistance to delay a 
supply of fuel. 

Further, in the conventional constitution de- 

20 scribed in FIG. 1 of Japanese Patent Application 
Laid-Open No. Hei1 0-31 8091 Publication, since an 
upper flat surface of a cylinder fixing portion is com- 
pressed and fitted : fuel flows into the outer periph- 
ery of a delivery valve passing through the outer cir- 

25 cumference of a cylinder when the intake passage 
is communicated with the intermediate side wall of 
the pressurizing chamber, because of which, an O- 
ring is provided for sealing from outside. However, 
this poses a problem in that when an O-ring is 

30 formed from an elastic member, it moves due to the 
pressure variation in the pressuring chamber, and 
therefore, pressure rising of the pressurizing cham- 
ber reduces, or rubbing wear or rupture of the O- 
ring occurs. 

35 (g) Further, with respect to a seal mechanism 
against a leakage of high pressure fuel, in the con- 
ventional high pressure fuel supply pump, fuel in the 
pressurizing chamber is increased to high pressure 
by reciprocating movement of a plunger. Here, 

JO since fuel pressure pressurized is considerably high 
pressure, fuel possibly leaks out of a clearance be- 
tween the plunger and the cylinder. 

In view of the foregoing, in the conventional 
high pressure fuel supply pump, a seal material of 

J5 an elastic member is disposed on the end of a slid- 
ing portion of a plunger, as described in Japanese 
Patent Application Laid-Open No. Hei 10-318068 
Publication and Japanese Patent Application Laid- 
Open No. Hei8-368370 Publication, to prevent a 

50 leakage of fuel . On the fuel chamber side of the seal 
material is provided with a passage communicated 
with a fuel tank which is substantially at atmospheric 
pressure. Further, a sliding portion of the plunger is 
provided therein with a fuel reservoir leading to a 

55 fuel intake port which is a low pressure portion. By 
the provision of these constitutions noted above, 
when one end of the seal material is in contact with 
the atmospheric pressure, the other end is also 
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communicated with the fuel tank to be substantially 
atmospheric pressure so as not to apply high pres- 
sure of the pressurizing chamber onto the seal ma- 
terial directly, thus preventing a leakage of fuel from 
the seal material. 5 

However, the high pressure fuel supply pump 
described in FIG. 1 of Japanese Patent Application 
Laid-Open No. Hei 1 0-31 8068 Publication poses a 
problem in that since the distance from the fuel res- 
ervoir (a pulsation reducing space in FIG. 1 ) in com- io 
munication with the low pressure fuel chamber to 
the sliding end of the plunger is short, when the seal 
material is broken or fallen off, a large quantity of 
fuel possibly flows outside from a clearance of the 
plunger sliding portion. 15 

On the other hand, in the high pressure fuel 
supply pump described in FIG. 1 of Japanese Pat- 
ent Application Laid-Open No. Hei 8-68370 Publi- 
cation, since the distance from the fuel reservoir (a 
sliding hole 11a of a cylinder 11 in FIG. 1) in com- 20 
munication with the low pressure fuel chamber to 
the sliding end of the plunger is long, it is possible 
to make small the quantity of fuel which flows out 
when the seal material is broken or fallen off. How- 
ever, since the sliding distance of the plunger from 25 
the pressurizing chamber to the fuel reservoir can- 
not be made long : thus posing a problem in that 
when pressurized, fuel leaks into the low pressure 
portion from a clearance of the sliding portion of the 
plunger to deteriorate the discharge efficiency. 30 

Further, in the high pressure fuel supply pump 
described in FIG. 1 of Japanese Patent Application 
Laid-Open No. Hei 8-68370 Publication, the dis- 
tance from the pressurizing chamber to the fuel res- 
ervoir is prolonged to thereby enable prevention of 35 
a leakage of fuel, but it is necessary, to this end : to 
prolong the full length of the sliding portion, thus 
posing a problem in that the whole pump becomes 
large in size. 

Further in the conventional high pressure fuel 40 
supply pumps described in Japanese Patent Appli- 
cation Laid-Open No. Hei 10-318068 and No. Hei 
8-68370, since both ends of the seal material are 
made substantially at atmospheric pressure, it is 
necessary to provide, on the fuel chamber side of «5 
the seal material, a passage in communication with 
the fuel tank substantially at atmospheric pressure, 
thus making it necessary to have a passage for con- 
necting the pump to the fuel tank. As a result, there 
was a problem in that processing of a pump be- so 
comes complicated, and a piping for connecting the 
pump to the tank is necessary, thus increasing the 
cost. 

(3) Next, with respect to the variable capacity mech- 
anism, an apparatus heretofore known has the con- 55 
stitution wherein, for example, as described in Jap- 
anese Patent No. 2690734, an electromagnetic 
valve is provided within an intake passage, and a 



returning quantity to the intake side is controlled by 
opening and closing operation of the electromag- 
netic valve to thereby adjust the discharge quantity. 

Further, the constitution is known for example, 
from Japanese Patent Application Laid-Open No. 
Hei 10-153157, wherein a check valve is provided 
within an intake passage, and a spill (overflow) 
valve is provided in a fuel spill (overflow) passage 
in communication with a pressurizing chamber 
whereby quantity of fuel spill to a fuel tank is con- 
trolled by opening and closing the spill valve to 
thereby adjust the discharge quantity. 

Since rotation of a pump increases by a multiple 
of a cam of the pump with respect to the number of 
revolutions of the engine, it is necessary to open 
and close the intake valve or the spill valve in order 
of msec (millisecond). However, in such a state of 
high speed opening and closing, mass of the elec- 
tromagnetic valve influences on the respondence. 

DISCLOSURE OF INVENTION 

[0004] A first object of the present invention is to pro- 
vide a high pressure fuel supply pump capable of en- 
hancing fuel supply property to a common rail immedi- 
ately after start of an engine. 

[0005] A second object of the present invention is to 
provide a high pressure fuel supply pump capable of en- 
hancing pressure increasing property to a common rail 
immediately after start of an engine. 
[0006] A third object of the present invention is to pro- 
vide a high pressure fuel supply pump which suppress- 
es an external leakage of fuel to a small quantity, even 
when a seal material of a sliding portion is broken or 
fallen off, and which is small in size and cheap. 
[0007] A fourth object of the present invention is to 
provide a high pressure fuel supply pump having a var- 
iable capacity mechanism which is excellent in opening 
and closing respondence. 

(1) For achieving the aforementioned first object, 
the present invention provides a high pressure fuel 
supply pump for pressurizing fuel supplied from an 
intake passage of fuel by a pressurizing member to 
feed it under pressure to a discharge passage, 
wherein in addition to a main pressurizing chamber 
in which said pressurizing member is arranged, a 
sub-pressurizing chamber for communication be- 
tween said intake passage and said discharge pas- 
sage is provided. 

With the. above constitution, fuel supplied from 
an intake passage by a low pressure pump can be 
supplied to a common rail via a discharge passage 
without being impeded by resistance caused by mo- 
tion of a pressurizing member of a high pressure 
pump, thus enabling enhancement of fuel supply 
property to the common rail. 

(2) In the above-described (1), preferably, said in- 
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take passage and said discharge passage are 
placed in communication with an upper end portion 
of said pressurizing chamber. 

With the above constitution, in the discharge 
stroke, discharging of air and fuel vapor in the pres- 5 
surizing chamber can be carried out securely, and 
a dead volume of the pressurizing chamber (a vol- 
ume of the pressurizing chamber at the top dead 
center) can be minimized without impairing a fuel 
supply to the pressurizing chamber, thus enabling 10 
miniaturization of the high pressure pump. 

(3) In the above-described (1 ), preferably, said sub- 
pressurizing chamber is arranged substantially an- 
nularly on the outer periphery of said main pressu- 
rizing chamber. '5 

(4) For achieving the aforementioned second ob- 
ject, the present invention provides a high pressure 
fuel supply pump for pressurizing fuel supplied from 
an intake passage of fuel by a pressurizing member 

to feed it under pressure to a discharge passage, 20 
comprising a pressurizing chamber forming mem- 
ber having a tapered surface on the end and formed 
from a member separately from a pump body, said 
tapered surface of the pressurizing chamber form- 
ing member being compressed and fitted by a fixing 25 
member to thereby form said pressurizing chamber. 

With the above constitution, the pressurizing 
chamber forming member can be fixed without pro- 
viding an elastic member such as rubber, thus en- 
abling enhancement of pressure increasing proper- 30 
ty to the common rail. 

(5) For achieving the aforementioned third object, 
the present invention provides a high pressure fuel 
supply pump having an intake passage of fuel, a 
pressurizing chamber in communication with a dis- 35 
charge passage, and a pressurizing member for 
feeding under pressure fuel within said pressurizing 
chamber to said discharge passage, comprising: a 
seal material arranged on a sliding portion of said 
pressurizing member, a connecting passage for 40 
communicating the fuel chamber side of said seal 
material with the intake passage of fuel, and a check 
valve for impeding entry of fuel into said seal mate- 
rial side from said fuel intake passage side. 

With the aforementioned constitution, even if 45 
the seal material is broken or the like, a leakage of 
fuel due to the check valve can be prevented, and 
by providing no portion in communication with the 
atmospheric, miniaturization and reduction in cost 
can be achieved. so 

(6) In the aforementioned (5), preferably, said check 
valve is opened when operation of a pump is 
stopped. 

With the above constitution, it is possible to pre- 
vent the check valve when the pump is stopped 55 
from being adhered to the seat surface. 

(7) In the aforementioned (6), preferably, said check 
valve is formed from an elastic member. 



(8) The fourth object of the present invention is 
achieved by providing a high pressure pump com- 
prising a valve body for opening and closing a fuel 
through-hole provided between a cylinder and a low 
pressure side passage, a spring for biasing said 
valve body in a closing direction with respect to said 
through-hole, an operating rod in contact with or 
spaced from said valve body to adjust opening and 
closing timing of said valve body, and an electro- 
magnetic mechanism for driving the operating rod 
electromagnetically in association with the operat- 
ing condition of the internal combustion engine. 

In the present invention constructed as de- 
scribed above, since mass of the valve body will not 
be a load with respect to the electromagnetic driving 
mechanism, the respondence of the discharge ca- 
pacity control mechanism is improved. 

(9) In the aforementioned (8), the electromagnetic 
driving mechanism can be used in common with the 
intake valve mechanism. 

(10) In the aforementioned (8), the electromagnetic 
driving mechanism can be constituted as a spill 
(overflow) valve mechanism. 

(11) Further, preferred embodiments of the present 
invention are as follows: 

An intake valve is provided on the intake pas- 
sage, and to the intake valve is applied a small bi- 
asing force in a closing direction to a degree that 
automatically opens when fuel flows into the pres- 
surizing chamber. Further, an engaging member 
having a biasing force for holding in an opening di- 
rection is engaged with the intake valve, and the en- 
gaging member controls the intake valve to open 
and close according to operating timing of an actu- 
ator. 

Thereby, in the intake stroke of the pump, the 
intake valve can be opened irrespective of the op- 
eration of the actuator. Also in the compression 
stroke, since the intake valve maintains its open 
state unless the actuator is operated (ON), surplus 
fuel in the pressurizing chamber reduced as a result 
of the compression is returned to the intake side. 
Accordingly, since pressure of the pressurizing 
chamber is not risen, fuel is not fed under pressure 
to the discharge passage. In this state, when the 
actuator is operated. (ON), the intake valve is 
closed by self-closing force so that pressure of the 
pressurizing chamber increases and the fuel is fed 
under pressure to the discharge passage. In this 
manner, the discharge quantity can be adjusted by 
controlling the operating timing of the actuator. 

Upon maximum discharging, the ON state of 
the actuator is maintained whereby the intake valve 
is automatically opened and closed in synchronism 
with pressure of the pressurizing chamber, and 
therefore, the maximum discharge can be carried 
out without depending on the respondence of the 
actuator. 
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Further, upon low discharging, the actuator is 
turned ON from the latter half of the compression 
stroke and turned OFF till the termination of the in- 
take stroke, and therefore, the high respondence is 
not necessary. 

Furthermore, at the time of discharge, only the 
intake valve is required to close, and therefore, a 
leakage of fuel from the seat can be reduced. 

(12) Preferably, if an electromagnetic type actuator 
is employed, control can be made simply by an en- 
gine control unit. Further, a fuel injection valve can 
also be used for the actuator. 

(13) Further, preferably, an engaging portion be- 
tween an intake valve and an engaging member is 
made in the form of a concavo-convex engagement, 
whereby deviation, slipping out or the like of the en- 
gaging portion can be prevented to secure positive 
operation. 

(14) Further, preferably, a ball valve is used for the 
intake vale or the discharge valve, whereby the 
processing accuracy of the seat portion can be 
readily enhanced. Further, a cylindrical member is 
engaged with the bail valve, and the outer circum- 
ference of the cylindrical member is held capable of 
being reciprocated and slidably moved within the in- 
take passage, so that the oscillation of the ball valve 
can be prevented. Further, since the cylindrical 
member is separated from the ball valve, both of 
them can be fabricated in an easy method. 

(15) Further, preferably, in a plunger reciprocating 
and sliding type pump., a sliding portion of a plunger 
is made to be a cylindrical member separately from 
a pump body, whereby only the sliding member can 
be formed of a material suitable for sliding move- 
ment. Further, an inner wall of the cylindrical mem- 
ber is formed with a sliding hole of a plunger and an 
expanded inner wall portion having a larger inside 
diameter than the former, and only the outer periph- 
eral portion of the diffused in ner wall can be pressed 
and fitted in the pump body whereby preventing the 
sliding hole from being deformed. Accordingly, it is 
not necessary to re-process the sliding hole after 
fitting the cylindrical member, enabling fabrication 
at low cost. 

(16) Further, preferably; a clearance is provided at 
a position other than the portion in which the cylin- 
drical member is fitted in the pump body, an annular 
passage is formed on the outer peripheral portion 
of the cylindrical member, and the annular passage 
is made to communicate with one end of the plunger 
sliding hole and a fuel introducing passage, where- 
by fuel introducing pressure is guided into the an- 
nular passage to reduce a pressure difference rel- 
ative to the pressurizing chamber, and thus ena- 
bling reduction in leakage quantity of fuel when 
passing through the fitting portion and the sliding 
portion from the pressurizing chamber. Further, 
since the fuel covers the outer circumference of the 
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sliding portion, it is possible to cool the sliding por- 
tion. 

(17) Moreover, preferably, a member in engage- 
ment with the pump body and the cylindrical mem- 
ber is provided in the fuel passage whereby the cy- 
lindrical member can be prevented from falling off 
while preventing a leakage of fuel from the engag- 
ing portion to the outside the pump or occurrence 
thereof. 

BRIEF DESCRIPTION OF DRAWING' 
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FIG. 1 is a horizontal sectional view of a high pres- 
sure fuel supply pump according to a first embodi- 
ment of the present invention. 
FIG. 2 is a vertical sectional view of a high pressure 
fuel supply pump according to a first embodiment 
of the present invention. 

FIG . 3 is a system constituent view of a fuel injection 
system using a high pressure fuel supply pump ac- 
cording to a first embodiment of the present inven- 
tion. 

FIG . 4 is a vertical sectional view of a high pressure 
fuel supply pump according to a second embodi- 
ment of the present invention. 
FIG. 5 is a partial enlarged view of FIG. 4. 
FIG. 6 is a partial enlarged view showing a vertical 
sectional view of a high pressure fuel supply pump 
according to a third embodiment of the present in- 
vention. 

FIG. 7 is an entire system constituent view of a fuel 
injection system using a high pressure fuel supply 
pump according to a fourth embodiment of the 
present invention. .. 

FIG. 8 is a longitudinal sectional view showing the 
constitution of a high pressure fuel supply pump ac- 
cording to a fourth embodiment of the present in- 
vention. 

FIG. 9 is a sectional view when a check valve is 
opened, using a high pressure fuel supply pump ac- 
cording to a fourth embodiment of the present in- 
vention. 

FIG. 10 is a sectional view when a check valve is 
closed using a high pressure fuel supply pump ac- 
cording to a fourth embodiment of the present in- 
vention. 

FIG. 11 is a view for explaining a conception of a 
variable capacity mechanism according to the 
present invention, by conceptually showing FIGS. 
2 and 8. 

FIGS. 1 2 to 1 4 are respectively views showing other 
embodiments of a spill valve (an overflow valve) or 
an intake valve of another embodiment. 
FIG. 1 5 is a concrete enlarged sectional view of the 
intake vale of FIGS. 2 and 8, and a portion corre- 
sponding to a solenoid driving portion. 
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FIG. 1 6 is an enlarged sectional view of a P portion 
of FIG. 15. 

FIG. 17 is a side view of a holder. 
FIG. 1 8 is a cross sectional view of a holder. 
FIG. 1 9A is a sectional view of an intake valve, 1 9B 5 
being a right side view thereof. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0009] The constitution of a high pressure fuel supply 
pump according to a first embodiment of the present in- 
vention will be described hereinafter with reference to 
FIGS. 1 to 3. 

[0010] FIG. 1 is a horizontal sectional view of a high 
pressure fuel supply pump according to the present em- 
bodiment, FIG. 2 is a vertical sectional view of a high 
pressure fuel supply pump according to the present em- 
bodiment, and FIG. 3 is a system constituent view of a 
fuel injection system using a high pressure fuel supply 
pump according to the present embodiment. Note that 
in the drawings, the same reference numerals indicate 
the same parts. 

[0011] As shown in FIG. 1 , a pump body 1 comprises 
a fuel intake passage 10, a discharge passage 11 , and 
a pressurizing chamber 12. The intake passage 10 is 
provided with an intake valve 5 in the form of a check 
valve which is held in one direction by a spring 5a to limit 
a flowing direction of fuel from the fuel intake passage 

10 to a fuel intake passage 5b. The discharge passage 

1 1 is provided with a discharge valve 6 in the form of a 
check valve which is held in one direction by a spring 
6a to limit a flowing direction of fuel from a fuel discharge 
passage 6b to the fuel discharge passage 11. 
[0012] In the present embodiment, the pressurizing 
chamber 12 is divided into a main pressurizing chamber 
12a and an annular sub-pressurizing chamber 12b po- 
sitioned on the outer periphery thereof, which are com- 
municated by a communication hole 12c to each other. 
The sub-pressurizing chamber 1 2b is provided for com- 
munication between the fuel intake passage 5b and the 
fuel discharge passage 6b. 

[0013] As shown in FIG. 2, a plunger 2 as a pressu- 
rizing member is held slidably in the main pressurizing 
chamber 12a of the pressurizing chamber 12. A lifter 3 
provided on the lower end of the plunger 2 is pressed 
against a cam 1 00 by means of a spring 4. The plunger 
2 is reciprocated by the cam 100 rotated by an engine 
cam shaft or the like to change capacity in the pressu- 
rizing chamber 12. When the intake valve 5 is closed 
during the compression stroke of the plunger 2, pres- 
sure in the pressurizing chamber 12 rises whereby the 
discharge valve 6 is automatically opened to feed fuel 
under pressure to a common rail 53. While the intake 
valve 5 is automatically opened when pressure of the 
pressurizing chamber 12 gets lower than that of a fuel 
introducing port, closing valve operation thereof is de- 
cided by operation of a solenoid 200. 
[001 4] The solenoid 200 is mounted in the pump body 



1 . An engaging member 201 and a spring 202 are pro- 
vided on th solenoid 200. When the solenoid 200 is 
turned OFF, the engaging member 201 is biased in a 
direction of opening the intake valve 5 by means of a 
spring 202.'The biasing force of the spring 202 is greater 
than that of the intake valve spring 5a, so that when the 
solenoid 200 is turned OFF, the intake valve 5 is in the 
open state, as shown in FIGS. 1 and 2. 
[0015] Energization to the solenoid 200 is controlled 
so that where high pressure fuel is supplied from the 
pump body 1 , the solenoid 200 assumes an ON (ener- 
gization) state, and where a supply of fuel is stopped, 
the solenoid 200 assumes an OFF (deenergization) 
state. 

[0016] When the solenoid 200 maintains the ON (en- 
ergization) state, electromagnetic force greater than the 
biasing force of the spring 202 is generated to draw the 
engaging member 201 towards the solenoid 202, and 
therefore, the engaging member 201 is separated from 
the intake valve 5. In this state, the intake valve 5 serves 
as an automatic valve which is opened and closed in 
synchronism with reciprocating motion of the plunger 2. 
Accordingly, during the compression stroke, the intake 
valve 5 is closed, and fuel for a portion reduced in ca- 
pacity of the pressurizing chamber 1 2 pushes to open 
the discharge valve 6 and is fed under pressure to the 
common rail 53. 

[0017] On the other hand, when the solenoid 200 
maintains an OFF (deenergization) state, the engaging 
member 201 is engaged with the intake valve 5 by the 
biasing force of the spring 202 to hold the intake valve 
5 in an open state. Accordingly, also in the compression 
stroke, pressure of the pressurizing chamber 12 main- 
tains a low pressure state substantially equal to that of 
the fuel introducing port, and therefore, the discharge 
valve 6 cannot be opened, and fuel for a portion reduced 
in capacity of the pressurizing chamber 12 is returned 
toward the fuel introducing port passing through the in- 
take valve 5. 

[0018] If the solenoid 200 is turned into the ON state 
in the midst of the compression stroke, fuel is fed under 
pressure to the common rail 53 from that time on. If the 
pressure feeding once starts, pressure in the pressuriz- 
ing chamber 1 2 rises, and therefore, even if the solenoid 
200 is turned into the OFF state later, the intake valve 
5 maintains its closed state and the intake stroke is syn- 
chronized with the beginning to automatically open the 
valve. 

[0019] The system constitution of a fuel supply sys- 
tem using a high pressure fuel supply pump according 
to the present embodiment will be described hereinafter 
with reference to FIG. 3. 

[0020] Fuel in a tank 50 is guided to a fuel supply port 
1 0 of the pump body 1 by a low pressure pump 51 . Pres- 
sure of fuel guided to the fuel supply port 1 0 is regulated 
so as to have a fixed pressure by means of a pressure 
regulator 52. Fuel supplied to the pump body 1 is pres- 
surized by the pump body 1 and fed under pressure from 



75 



20 



25 



30 



35 



40 



45 



50 



6 

n>.i(^r>/-\^tr\. ^ CD LlfiaOfiCA 1 — I — » : 



11 



EP 1 162 365 A1 



12 



a fuel discharge port 1 1 to the common rail 53. Mounted 
on the common rail 53 are an injector 54, a relief valve 
55, and a pressure sensor 56. The injector 54 is mount- 
ed while adjusting its number with the number of cylin- 
ders of the engine, and injects at the timing and quantity 
according to a fuel injection control signal of an engine 
control unit ECU. The relief valve 55 opens when pres- 
sure in the common rail 53 exceeds a fixed value to pre- 
vent a breakage of piping system. 
[0021] When the engine starts first time or stops for a 
long period of time, air or fuel vapor is present in the fuel 
piping (including the interior of a high pressure pump 
and a common rail) . Therefore, when the engine is start- 
ed, it is necessary to rapidly U\i the common rail 53 with 
fuel. 

[0022] With respect to this point, in the present em- 
bodiment, the pressurizing chamber 12 comprises the 
main pressurizing chamber 12a for pressurizing fuel by 
reciprocation of the plunger 2, and the sub-pressurizing 
chamber 12b for communication between the fuel intake 
passage 5b and the fuel discharge passage 6b, as de- 
scribed above. 

[0023] Accordingly, even if the plunger 2 is stopped at 
the top dead center and slidably moved, a sufficient pas- 
sage can be formed between the intake passage 5b and 
the discharge passage 6b by the sub-pressurizing 
chamber 1 2b. Therefore, fuel can be fed under low pres- 
sure to the common rail 53 by the low pressure pump 
51 before the high pressure pump starts feeding fuel un- 
der high pressure, and the common rail 53 can be filled 
with fuel momentarily. When the engine starts as men- 
tioned above, pressure in the common rail 53 is close 
to the atmospheric pressure, and therefore, even if fuel 
pressure of the fuel discharge port 6b is in the state of 
discharge pressure of the low pressure fuel pump 51, 
the discharge valve 6 opens so that fuel flows from the 
fuel discharge port 6 to the fuel discharge port 11 , and 
fuel can be supplied to the common rail 53. 
[0024] Further, when fuel in the piping is supplied to 
the common rail 53 by the low pressure pump 61 whose 
discharge capacity is high, air and vapor can be fed un- 
der pressure to the common rail at the same time. 
[0025] Further, in the present embodiment, the fuel in- 
take passage 5b and the fuel discharge passage 6b are 
communicated with the upper end side wall, and no va- 
por reservoir is provided in the pressurizing chamber 1 2, 
as shown in FIG. 2. Therefore, vapor or the like is fed 
under pressure from the discharge passage 6b to the 
common rail 53 side and is not stayed in the pressurizing 
chamber 12. Accordingly, the pressurizing chamber is 
momentarily filled with fuel, making it possible to feed 
fuel under high pressure, it is possible to securely dis- 
charge air and fuel vapor within the pressurizing cham- 
ber. 

[0026] Further, when the plunger 2 is positioned at the 
top dead center, the intake passage 5b and the dis- 
charge passage 6b are not blocked merely by providing 
an adequate clearance (1 to 2 mm) to prevent interfer- 



ence between the upper end of the plunger 2 and the 
upper surface of the pressurizing chamber 12, because 
of which, the dead volume of the pressurizing chamber 
(the volume of the pressurizing chamber at th top dead 
5 center) cart be minimized without impairing a supply of 
fuel to the pressurizing chamber, enabling miniaturiza- 
tion of a pump. 

[0027] As described above, according to the present 
embodiment, since when the engine starts or the like, 

10 low pressure fuel can be supplied to the common rail 
without impairing piston motion of the high pressure 
pump, the fuel supply property to the common rail im- 
mediately after start of engine can be improved. 
[0028] The constitution of a high pressure fuel supply 

15 pump according to a second embodiment of the present 
invention will be described hereinafter with reference to 
FIGS. 4 and 5. 

[0029] FIG. 4 is a vertical sectional view of a high pres- 
sure fuel supply pump according to the present embod- 

20 iment, and FIG. 5 is a partial enlarged view of FIG. 4. In 
FIGS. 4 and 5, the same reference numerals as those 
of FIGS. 1 to 3 indicate the same parts. 
[0030] Also in the present embodiment, the pressu- 
rizing chamber 1 2 is provided with the main pressurizing 

25 chamber 12a and the sub-pressurizing chamber 12b. 
The feature of the present embodiment comprises a 
method of forming the pressurizing chamber 12. 
[0031 ] The pressurizing chamber 1 2 is formed with a 
cylinder 20 having a sliding portion of a plunger 2 and 

30 being a pressurizing chamber forming portion as well, 
and a fixing member 30 for fixing the cylinder 20. The 
inner surface of an upper end portion 20a of the cylinder 
20 is in a tapered shape, at which the fixing member 30 
compresses and holds, whereby the upper end portion 

35 20a is deformed outward and fitted in the pump body 1 , 
as shown in FIG. 5, from a state (before deformation) to 
a state (after changed). Thereby, the pressurizing cham- 
ber 12, the intake passage 5b and the discharge pas- 
sage 6b are isolated from the outside the pump by the 

40 upper end portion 20a of the cylinder, and therefore, a 
pressurizing chamber can be formed without using an 
elastic member such as rubber. 

[0032] Accordingly, since' an elastic member is not 
used as in the prior art, no change in volume of the pres- 

^5 surizing chamber caused by movement of the elastic 
member occurs, even if the pressure in the pressurizing 
chamber changes and the pressure increasing charac- 
teristic of the pump is not lowered. 
[0033] Further, even if an O-ring is disposed, as a 

50 backup of seal, on the outer periphery of the fixing mem- 
ber 30, variation in pressure of the pressurizing chamber 
is not applied to the O-ring directly since a clearance 
between the outer circumference of the upper end por- 
tion 20a of the cylinder and the pump body 1 is very 

55 small, thus no rubbing wear or rupture occurs in the O- 
ring. 

[0034] Further, even if members which are different in 
linear expansion coefficient are used for the body 1 and 
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the cylinder 20 and even if the upper end portion of the 
cylinder is tightened up due to thermal contraction, the 
amount of deformation is scarce since the upper end 
portion of the cylinder is held by the fixing member 30 
and high in rigidity, and no galling or the like due to the 
deformation of a sliding hole of the plunger 2 occurs. 
[0035] As described above, according to the present 
embodiment, since low pressure fuel can be supplied to 
the common rail without impairing piston motion of the 
high pressure pump when the engine starts, the fuel 
supply property to the common rail immediately after 
start of the engine can be improved, and the pressure 
increasing characteristic of the high pressure fuel supply 
pump can be improved. 

[0036] Now. the constitution of a high pressure fuel 
supply pump according to a third embodiment of the 
present invention will be described with reference to 
FIG 5 

[0037] FI3 6 is a partial enlarged view showing a ver- 
tical sectional view of a high pressure fuel supply pump 
accordirg to the present embodiment. The whole con- 
stitution of the high pressure fuel supply pump is similar 
to that shown in FIG 4 The same reference numerals 
as those of FIGS 1 to 5 indicate the same parts. 
[0038] Also in the present emoodiment, the pressu- 
rizing chamber 1 2 is provided with iho main pressurizing 
chambc 12a and the sub-prcssunzing chamber 12b. 
The fea!ure of the present embodiment comprises a 
method of forming the pressun/ing chamber 12, which 
is the other example of those shown in FIGS. 4 and 5. 
[0039] In the present embodiment, the periphery of 
the pressurizing chamber comprises a memberfor form- 
ing a pressurizing chamber 21 which is a member dif- 
ferent from the cylinder 20 An upper end portion 21a of 
the pressurizing chamber forming member 21 has a 
function similar to that of the upper end portion 20a of 
the cylinder shown in FIG. 5. 

[0040] According to the present embodiment, further, 
it is possible to suppress deformation of a sliding hole 
of a plunger of the cylinder 20. 

[0041] In examples shown in FIGS. 4 to 6, the outer 
circumference of the fixing member 30 is formed with 
threads which are threadedly engaged, to thereby exert 
compressive force on the cylinder 20. but not limiting to 
the threads. 

[0042] As described above, according to the present 
embodiment, since low pressure fuel can be supplied to 
the common rail without impairing piston motion of the 
high pressure pump when the engine starts or the like, 
the fuel supply property to the common rail immediately 
after start of the engine can be improved, and the pres- 
sure increasing characteristic of the high pressure fuel 
supply pump can be improved. 

[0043] According to the present embodiment, the fuel 
supply property to the common rail immediately after 
start of the engine can be improved. 
[0044] Further, the pressure increasing property to 
the common rail immediately after start of the engine in 



the high pressure fuel supply pump can be improved. 
[0045] In the following, the constitution of a seal 
mechanism of a high pressure fuel supply pump accord- 
ing to one embodiment of the present invention will be 

5 descried with reference to FIGS. 7 to 1 0. 

[0046] First, the whole constitution of a fuel injection 
system using a high pressure fuel supply pump accord- 
ing to the present embodiment will be described with ref- 
erence to FIG. 7. 

10 [0047] Fuel in a tank 50 is guided to a fuel intake pas- 
sage 110 of a pump body 100 by a low pressure pump 
51 . At that time, the fuel guided to the fuel intake pas- 
sage 110 is regulated to a fixed low pressure by means 
of a pressure regulator 52. At this time, fuel pressure is 

15 regulated, for example, to 0.3 MPa in relative pressure 
in association with the atmospheric pressure as a refer- 
ence. The fuel guided to the pump body 100 is pressu- 
rized by the pump body 100, and is fed under pressure 
from a fuel discharge passage 111 to the common rail 

20 53. Pressure of fuel discharged from the fuel discharge 
passage 1 1 1 is pressurized, for example, to 7 to 1 0 MPa 
in relative pressure in association with the atmospheric 
pressure as a reference. 

[0048] On the common rail 53 are mounted with an 
25 injector 54, a relief valve 55, and a pressure sensor 56. 
The injector 54 is mounted while adjusting its number 
with the number of cylinders of the engine, and injects 
a fixed quantity of fuel at fixed timing in accordance with 
a signal of an engine control unit (ECU). The relief valv 
30 56 opens when pressure in the common rail 53 exceeds 
a fixed value to prevent breakage of a piping system. 
[0049] The schematic constitution of the pump body 
1 00 will be described below. The detailed constitution of 
the pump body 1 00 will be described later with reference 
35 to FIG. 8. 

[0050] The pump body 1 00 is provided with a fuel in- 
take passage 110, a fuel discharge passage 111 , and a 
pressurizing chamber 112. The fuel intake passage 110 
and the fuel discharge passage 111 are provided with 

-to an intake valve 105 and a discharge valve 1 06, respec- 
tively, which are held in one direction by springs 105a 
and 106a, respectively in the form of a check valve for 
limiting a flowing direction of fuel. 
[0051] A plunger 102 is supported to be capable of 

is being reciprocated and slidably moved within a cylinder 
1 08. A pressurizing chamber 1 1 2 is formed between an 
upper portion in the cylinder 108 and an end of the 
plunger 102. 

[0052] In the outer peripheral portion of the plunger 
50 1 02 is provided with a seal material 1 20 fabricated of an 
elastic substance to prevent fuel in the pump from flow- 
ing out to the outside. The outer peripheral portion of the 
seal material 120 is secured to the cylinder 108. The 
inner peripheral portion of the seal material 1 20 slidably 
55 holds the plunger 102. 

[0053] The plunger 102 is reciprocated whereby the 
volume in the pressurizing chamber 1 1 2 is varied. When 
the intake valve 105 is closed during the compression 
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stroke of the plunger 102, pressure in the pressurizing 
chamber 112 rises whereby the discharge valve 106 is 
automatically opened to feed fuel under pressure to the 
common rail 53. While the intake valve 105 is automat- 
ically opened when pressure of the pressurizing cham- 5 
ber 1 1 2 gets lower than that of the fuel introducing port, 
closing of valve is decided by operation of a solenoid 
130 controlled by ECU 60. 

[0054] The solenoid 130 is mounted on the pump 
body 100. The solenoid 130 is provided with an engag- 
ing member 1 31 and a spring 1 32. The engaging mem- 
ber 131 is applied, when the solenoid 1 30 is turned OFF, 
with biasing force in a direction of opening the intake 
valve 105 by means of a spring 132. Since the biasing 
force of the spring 1 32 is greater than that of an intake 
valve spring 1 05a, when the solenoid 1 30 is turned OFF, 
the intake valve 105 is in the open state. 
[0055] Energization to the solenoid is limited so that 
where high pressure fuel is supplied from the pump body 
100. the solenoid 130 is in the On (energization) state, 
and where a supply of fuel is stopped, the solenoid 130 
is in the OFF (deenergization) state. When the solenoid 
130 maintains the ON (energization) state, electromag- 
netic force in excess of biasing force of the spring 132 
is generated to draw the engaging member 131 towards 
the solenoid 132 so that the engaging member 131 is 
separated from the intake valve 105. In this state, the 
intake valve 105 is in the form of an automatic valve to 
be opened and closed in synchronism with reciprocating 
motion of the plunger 1 02. Accordingly, during the com- 
pression stroke, the intake valve 1 05 is closed, and fuel 
for a portion reduced in volume in the pressurizing 
chamber 112 pushes to open the discharge valve 106 
and is fed under pressure to the common rail 53. 
[0056] On the other hand, when the solenoid 130 
maintains OFF (deenergization) state, the engaging 
member 131 is engaged with the intake valve 105 by 
the biasing force of the spring 132 to hold the intake 
valve 105 in the open state. Accordingly, since also in 
the compressions stroke, pressure of the pressurizing 
chamber 112 maintains the low pressure state substan- 
tially equal to that of the fuel introducing port, the dis- 
charge valve 1 06 cannot be opened, and fuel for a por- 
tion reduced in volume of the pressurizing chamber 1 1 2 
is returned to the fuel introducing port side passing 
through the intake valve 105. 

[0057] Further, if in the midst of the compression 
stroke, the solenoid 130 is turned into an ON state, fuel 
is fed under pressure to the common rail 53 from that 
time. Further, if pressure feeding is once started, pres- 
sure in the pressurizing chamber 112 rises, and there- 
fore, even if the solenoid 1 30 is turned into an OFF state, 
the intake valve 1 05 maintains its closed state, and is 
automatically opened in synchronism with the start of 
the intake stroke. 

[0058] Further, according to the present embodiment, 
a space 1 07 on the fuel chamber side of the seal mate- 
rial 120 is connected to the fuel intake passage 110 



through a connecting passage 109 and a check valve 
113. The check valve 300 is provided so as to control a 
flowing direction of fuel from the fuel intake passage 110 
side to the fuel chamber side space 1 07. In the state in 
which the check valve 112 is opened, low pressure (for 
example, pressure higher by 0.3 MPa than the atmos- 
pheric pressure) supplied to the fuel intake passage 110 
is applied to the fuel chamber side space 1 07 of the seal 
material 120. 

[0059] Accordingly, fuel passing through a gap be- 
tween the cylinder 108 and the plunger 102 from the 
pressurizing chamber 1 1 2 in the pressurizing stroke can 
flow into the fuel intake passage 110 side which is a low 
pressure portion, and pressure on the fuel chamber side 
of the seal material 1 20 is equal to that of the fuel intake 
passage 110 to enable prevention of an external leak- 
age of fuel without considerably increasing the rigidity 
of the seal material 120. 

[0060] On the other hand, when the seal material 1 20 
is broken or fallen off so that fuel begins to leak outside, 
pressure of thefuet chamber side space 107 is lower 
than that of the fuel intake passage 110 side, whereby 
the check valve 1 1 3 is closed to prevent an inflow of fuel 
from the fuel intake passage 110 side. Therefore, only 
the fuel passing through the gap between the cylinder 
108 and the plunger 1 02 from the pressurizing chamber 
112 flows into the seal material 120 portion. This flow- 
rate is in inverse proportion to the length of the sliding 
portion between the cylinder 108 and the plunger 102, 
and if the distance for which the plunger 1 02 can slidably 
move adequately is secured as in the present embodi- 
ment, the flow-rate can be suppressed to a small quan- 
tity. Accordingly, even when the seal material 120 is bro- 
ken or fallen off, it is possible to prevent a large quantity 
of fuel from flowing out in a short period of time. 
[0061 ] Further, since as described above, the outflow 
of fuel from the pressurizing chamber 112 through the 
gap of the plunger sliding portion is minimized, the dis- 
charge efficiency of the pump can be enhanced during 
the normal operation. 

[0062] The construction of the high pressure fuel sup- 
ply pump according to the present embodiment will be 
described with reference to FIG. 8. 
[0063] FIG. 8 is a longitudinal sectional view showing 
the constitution of a high pressure fuel supply pump ac- 
cording to one embodiment of the present invention. 
The same reference numerals as those of FIG. 7 des- 
ignate the same parts. 

[0064] The pump body 1 00 is provided with a fuel in- 
take passage 1 1 0, a fuel discharge passage 111, and a 
pressurizing chamber 1 1 2. The fuel intake passage 110 
and the fuel discharge passage 111 are provided with 
an intake valve 105 and a discharge valve 106, respec- 
tively, which are held in one direction by springs 105a 
and 1 06a, respectively, to limit a flowing direction of fuel 
serving as a check valve. 

[0065] A plunger 1 02 as a pressurizing member is sl- 
idably held in a pressurizing chamber 112 formed inte- 
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riorly of a cylinder 108. The pressurizing chamber 112 
is formed by the cylinder 1 08 having a sliding hole 1 08a 
for supporting the plunger 102 to be capable of being 
reciprocated and slidably moved. The inside diameter 
portion of the cylinder 1 08 comprises a sliding hole 1 08a 5 
whose diametral gap relative to the plunger 1 02 is equal 
to or smaller than 1 0 u.m in orderto minimize a leakage 
of fuel from the pressurizing chamber, and a large-di- 
ameter inner wall 1 08b formed to have a large diameter 
in order to form the pressurizing chamber. io 
[0066] The cylinder 1 08 is held by press-fitting a part 
of an outer wall 108c corresponding to the large diam- 
eter inner wall 1 08b into the body 1 . Thereby, deforma- 
tion in dimension of the inside diameter of cylinder 
caused by the press-fitting occurs only in the large di- is 
ameter innerwall portion 1 08b, andthe sliding hole 1 08a 
can maintain a dimensional state processed in advance. 
Accordingly, finish-processing of the sliding hole 108a 
after the press-filling is unnecessary, and a material 
having a good abrasion resistance may be selected 20 
merely for the sliding portion, thus reducing the cost. 
Even if materials different in linear expansion coefficient 
are used for the body 1 and the cylinder 108, deforma- 
tion in inside diameter of cylinder caused by change in 
temperature occurs merely in the large diameter inside 25 
wall 108b, thus not exerting a bad influence on the slid- 
ing property of the plunger 2. 

[0067] An annular passage 109 is provided between 
the cylinder 108 and the pump body 1 , the annular pas- 
sage 109 being communicated with the sliding hole 30 
108a ? and the intake passage 110 in communication 
with a fuel introducing port 110a and the annular pas- 
sage 1 09 are communicated by a passage 1 09b. There- 
by since pressure in the annular passage 1 09 is sub- 
stantially the same pressure (atmospheric pressure 35 
+0.3 MPa) as that of the introducing port 110a, a pres- 
sure difference from the pressurizing chamber 1 1 2 is re- 
duced, so that a leakage of fuel from a pressing-in por- 
tion 108c and the sliding hole 108a can be reduced. 
Heat generation at the sliding portion can be cooled by 40 
fuel, and seizure of the sliding portion can be prevented. 
[0068] A seal material 120 fabricated from an elastic 
substance is provided on the outer peripheral portion of 
the plunger 1 02 in orderto prevent fuel in the pump from 
flowing out and to prevent oil for lubricating a cam 1 40 *s 
from flowing into the pump. In the present embodiment, 
the seal material 120 is formed integrally with a metal 
tube 1 20a and is press-fitted in the pump body 1 00, but 
a method of fixing the seal material 120 is not limited to 
the above method. An end of the metal tube 120a so 
formed integrally with the seal material 120 is fitted in 
the pump body 100. A leakage of fuel from the sliding 
portion between the plunger 102 and the seal material 
1 20 can be reduced by extending length of the seal ma- 
terial 120. Since pressure on the fuel chamber side of ss 
the seal material 1 20 is the pressure of low pressure fuel 
(which is, for example, higher than the atmospheric 
pressure by 0.3 MPa), and pressure on the other side 



of the seal material 120 is the atmospheric pressure, a 
pressure difference between both end surfaces of the 
seal material 120 is small, for example, 0.3 MPa, and 
therefore, sealing property can be enhanced even if the 
full length of the seal material 120 is not so much pro- 
longed. 

[0069] A lifter 1 03 provided on the lower end of the 
plunger 1 02 is pressed against a cam 140 by means of 
a spring 104. The plunger 102 is reciprocated by the 
cam 140 rotated by an engine cam shaft or the like to 
change the volume in the pressurizing chamber 112. 
When the intake valve 1 05 is closed during the com- 
pression stroke of the plunger 1 02, pressure in the pres- 
surizing chamber 112 rises whereby the discharge valve 
106 is automatically opened to feed fuel under pressure 
to the common rail 53. While the intake valve 105 is au- 
tomatically opened when pressure of the pressurizing 
chamber 112 is lower than that of the fuel introducing 
port, closing of valve is decided by operation of a sole- 
noid 130. 

[0070] The solenoid 130 is mounted on the pump 
body 100. The solenoid 130 is provided with an engag- 
ing member 131 and a spring 132. The engaging mem- 
ber 131 is applied, when the solenoid 130 is turned OFF, 
with biasing force in a direction of opening the intake 
valve 1 05 by a spring 1 32. Since the biasing force of the 
spring 132 is greater than that of an intake valve spring 
105a, the intake valve 105 is in the open state when the 
solenoid is turned OFF as shown in the figure. 
[0071] Energization to the solenoid 130 is limited so 
that where high pressure fuel is supplied from the pump 
body 100, the solenoid 130 is turned into the ON (ener- 
gization) state, and where a supply of fuel is stopped, 
the solenoid 130 is turned into the OFF state (deener- 
gization). 

[0072] When the solenoid 130 holds the ON (ener- 
gization) state, electromagnetic force greater than the 
biasing force of the spring 1 32 is generated to draw the 
engaging member 131 toward the solenoid 132, and 
therefore, the engaging member 131 is separated from 
the intake valve 105. In this state, the intake valve 1 05 
takes the form of an automatic valve which is opened 
and closed in synchronism with reciprocation of the 
plunger 102. Accordingly, during the compression 
stroke, the intake valve 1 05 is closed, and fuel for a por- 
tion reduced in volume of the pressurizing chamber 112 
pushes to open the discharge valve 1 06 and is fed under 
pressure to the common rail 53. 

[0073] On the other hand, when the solenoid 130 
holds the OFF (deenergization) state, the engaging 
member 131 is engaged with the intake valve 105 by 
the biasing force of the spring 132 to hold the intake 
valve 105 in the open state. Accordingly, even in th 
compression stroke, since pressure of the pressurizing 
chamber 112 keeps the low pressure state substantially 
equal to that of th fuel introducing port, the discharge 
valve 106 cannot be opened, and fuel for a portion re- 
duced in volume of the pressurizing chamber 11 2 is re- 
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turned to the fuel introducing port passing through the 
intake vale 105. 

[0074] If the solenoid 130 is turned into the ON state 
in the midst of the compression stroke, fuel is fed under 
pressure to the common rail 53 from that time on . If feed- 
ing under pressure is once started, pressure in the pres- 
surizing chamber 112 rises, and therefore, even if the 
solenoid 1 30 is turned into the OFF state later, the intake 
valve 1 05 maintains its closed state, and is automatical- 
ly opened in synchronism with the start of the intake 
stroke. 

[0075] Further the pump body 1 00 is interiorly provid- 
ed with a longitudinal passage 109b connected to the 
fuel chamber side space 107 of the seal material 120 
and a lateral passage 109a connected to the longitudi- 
nal passage 109b to constitute a connecting passage 
109 as shown in FIG. 7. The longitudinal passage 109b 
is easily formed because it is formed between the outer 
peripheral portion of the cylinder 1 08 and a hole formed 
in the pump body 1 00 by inserting and fitting the cylinder 
1 08 into the hole formed in the pump body 1 00. A check 
valve 1 1 3 is provided on the end of the lateral passage 
109a. The check valve 113 is formed from a ball-like 
clastic substance. Materials for the check valve 113 to 
be used are those having gasoline resistance, for ex- 
ample, such as fluorine rubber, nitrile rubber, etc. The 
check valve 1 13 is normally in the open state, details of 
which will be described later with reference to FIGS. 9 
and 10. As described above, the fuel chamber side 
space 107 of the seal material 120 is connected to the 
fuel intake passage 110 through the connecting pas- 
sage 1 09 and the check valve 113. The check valve 1 1 3 
is provided so as to control a flowing direction of fuel 
from the fuel intake passage 110 to the fuel chamber 
side space 107. in the state in which the check valve 
113 is open, low pressure (for example, pressure higher 
than the atmospheric pressure by 0.3MPa) supplied to 
the fuel intake passage 1 1 0 is applied to the fuel cham- 
ber side space 107 of the seal material 120. 
[0076] Thereby fuel passing through a gap between 
the cylinder 108 and the plunger 102 from the pressu- 
rizing chamber 112 in the pressurizing stroke can flow 
into the fuel intake passage 1 1 0 side which is a low pres- 
sure portion, and therefore, pressure on the fuel cham- 
ber side of the seal material 120 is equal to that of the 
fuel intake passage 1 1 0 to enable suppression of an ex- 
ternal leakage of fuel without considerably increasing ri- 
gidity of the seal material 120. 

[0077] On the other hand, when the seal material 1 20 
is broken or fallen off so that fuel begins to leak outside, 
the pressure of the fuel chamber side space 107 is lower 
than that of the fuel intake passage 1 1 0, and therefore, 
the check valve 300 is closed to enable prevention of 
fuel from flowing into from the fuel intake passage 110 
side. Therefore, only the fuel passing through a gap be- 
tween the cylinder 108 and he plunger 102 from the 
pressurizing chamber 112 flows into the seal material 
1 20 portion. This flow-rate takes in inverse proportion to 



the length of the sliding portion betwe nth cylinder 108 
and the plunger 1 02, and therefore, if distance in which 
the plunger 102 can be slidably moved adequately is 
secured as in the present embodiment, the flow-rate can 
5 be suppressed to a small quantity. Accordingly, even 
when the seal material 120 is broken or fallen off, it is 
possible to prevent a large quantity of fuel from flowing 
out in a short period of time. 

[0078] Further as described above, since the outflow 
10 of fuel in the pressurizing chamber 1 1 2 from the gap of 
the plunger sliding portion is suppressed to the mini- 
mum, the discharge efficiency of the pump can be en- 
hanced during normal operation. 
[0079] The construction of a check valve used for a 
15 high pressure fuel supply pump according to the present 
embodiment will be described hereinafter with reference 
to FIGS. 9 and 10. 

[0080] FIG. 9 is a sectional view when a check valve 
is opened using a high pressure fuel supply pump ac- 

20 cording to one embodiment of the present invention, and 
FIG. 1 0 is a sectional view when a check valve is closed 
using a high pressure fuel supply pump according to one 
embodiment of the present invention. 
[0081] As shown in FIG. 9, a check valve 113 formed 

25 from a ball-like elastic substance is controlled in move- 
ment in a right direction in the figure by an end of a so- 
lenoid 130 in order to prevent it from falling off from a 
lateral passage 109a. A seat surface 113a with which 
the check valve 113 is engaged to close the valve is 

30 formed on the right side end in the figure of the lateral 
passage 1 09a, but is formed perpendicular to the lateral 
passage 109a extending in a horizontal direction, be- 
cause of which, it forms a substantially vertical surface. 
In a pump body 100, the vertical direction as shown in 

35 the figure is the top and bottom direction. Accordingly 
in the state in which the pump body 100 is mounted in 
the top and bottom direction, the ball-like check valve 
113 is not in contact with the seat surface 113a. so that 
when the front and rear pressures of the check valve 

■to 1 1 3 is equal to each other, it can be turend into the open 
valve state. 

[0082] A countermeasure to prevent falling-off of the 
check valve 113 is not limited to the means using the 
end of the solenoid 130, but for example, a separate 

45 member may be used to prevent the check valve 113 
from falling off. Alternatively, the lateral passage 109a 
may be inclined so that the seat surface 113a is in the 
lower direction. Further alternatively, also the seat sur- 
face 113a is not only to be made substantially vertical 

50 but may be inclined. Further, the check valve 113 may 
be installed not only at the outlet of the lateral passage 
109a but within the passage. Further, when the seat sur- 
face 113a forms the horizontal surface, a spring or the 
like may be interposed between the check valve 113 and 

55 the seat surface 113a so that when the front and rear 
pressures of the check valve 113 are equal to each oth- 
er, the check valve 113 is not closed. 
[0083] As described above, also when the pump is 
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stopped, the check valve 11 3 is opened to thereby pre- 
vent the check valve 1 1 3 from being adhered to the seat 
surface 113a. Further, since also during operation, the 
opening valve pressure of the check valve 113 is zero, 
pressure in the fuel chamber side of the seal material 
1 20 can be made eq ual to that of the fuel intake passage 
110 portion. 

[0084] On the other hand, as shown in FIG. 1 0, when 
pressure on the fuel chamber side of the seal material 
120 is lowered due to the falling off of the seal material 
120. pressure of the lateral passage 109a gets lower 
than the pressure of the fuel intake passage 110. There- 
fore, the check valve 113 is pressed against the seat 
surface 113a so that the check valve 113 is promptly 
closed to prevent fuel from flowing out from the fuel in- 
take passage 110 side. 

[0085] Further, the check valve 113 is formed from an 
elastic substance whereby hardness of the seat surface 
113a need nol be increased, and it can be fabricated 
inexpensively. 

[0086] As described above, in the present embodi- 
ment, the fuel chamber side space 1 07 of the seal ma- 
terial 1 20 is connected to the fuel intake passage 1 1 0 to 
constitute a fuel reservoir to which low pressure (for ex- 
ample, pressure higher by 0.3 M Pa than the atmospher- 
ic pressure) supplied to the fuel intake passage 110 is 
applied. That is, the fuel reservoir is not provided within 
the sliding portion of the plunger, as in the prior art. That 
is. the pressurizing chamber 112 being high pressure is 
formed at the upper end in the figure of the cylinder 1 08, 
whereas the fuel chamber side space 107 (fuel reser- 
voir) being low pressure is formed at the lower end in 
the figure of the cylinder 1 08, and therefore, the distance 
from the pressurizing chamber 1 1 2 to the fuel chamber 
side space (fuel reservoir) 1 07 can be prolonged so that 
a leakage of the high pressure fuel of the pressurizing 
chamber 112 to the fuel chamber side space 107 can 
be easily reduced. Accordingly, the pump can be mini- 
aturized, and the leakage during pressurizing can be re- 
duced to enhance the discharge efficiency. 
[0087] Further, in the present embodiment, since the 
passage having substantially atmospheric pressure as 
in the prior art is not provided on the fuel chamber side 
of the seal material, processing of such a passage is 
unnecessary, and piping for connecting from the pump 
to the fuel tank is also unnecessary. Accordingly, the 
manufacturing cost is low. 

[0088] Further the seal material 120 has the con- 
struction in which the integrally molded metal pipe 120a 
is secured to the pump body 100, so that the length of 
the seal material 120 tends to be prolonged to extend 
the sliding distance relative to the plunger 1 02, thus en- 
abling enhancement of the sealing property, and since 
pressure applied to both ends of the seal material 1 20 
is low pressure, the sealing property can be enhanced. 
[0089] Further when the seal material 120 is broken 
or the like, the check valve 1 1 3 provided on the connect- 
ing passage 1 09 for communicating the fuel intake pas- 



sage 110 with the fuel chamber side space 107 is acti- 
vated to promptly prevent fuel from leaking from the fuel 
intake passage 11 0 to the atmosphere side. 
[0090] Further, since during operation of the pump; 
5 the check valve 1 1 3 is in the open state, it is possible to 
easily prevent the check valve from adhering to the seat 
surface. 

[0091] According to the present embodiment, even 
when the seal material of the sliding portion is broken 
10 or fallen off, an external leakage of fuel can be sup- 
pressed to a small quantity, as well as being small in 
size and inexpensive. 

[0092] While some embodiments have been de- 
scribed, the characteristic constitution common to these 
15 embodiments will be further explained in detail herein- 
after with reference to FIG. 11. 

[0093] A pump body 1 is formed with a fuel intake pas- 
sage 10, a discharge passage 11, and a pressurizing 
chamber 12. A plunger 2 as a pressurizing member is 

20 slidably held on the pressurizing chamber 1 2. The intake 
passage 10 and the discharge passage 11 are formed 
with an intake chamber 5A and a discharge chamber 
6A, respectively, leading to an intake hole 5b and a dis- 
charge hole 6b, respectively, of the pressurizing cham- 

25 ber 1 2, the respective chambers being provided with an 
intake valve 5 and a discharge valve 6. The intake valve 
5 and the discharge valve 6 are held in one direction by 
springs 5a and 5a, respectively, to constitute a check 
valve for restricting a flowing direction of fuel. More spe- 

30 cifically. the intake valve 5 is biased by spring 5a so as 
to close a hole 5Aa from the inside of the inlet hole 5Aa 
of the intake chamber 5A. A solenoid 200 as an electro- 
magnetic driving device is pressed and held in a tubular 
casing portion 1 A formed integrally with the pump body 

35 1, the solenoid 200 being provided with an engaging 
member 201 formed as a plunger rod, and a spring 202. 
When the solenoid 200 is turned OFF, the engaging 
member 201 is guided to a projecting position by the 
spring 202, as a consequence of which, it is engaged 

40 with the intake valve 5 to bias it in a direction of opening 
the valve. Since biasing force of the spring 202 is set to 
be greater than that of the spring 5a for biasing the in- 
take valve 5 in a closing direction when the solenoid 
200 is turned OFF, the intake valve 5 is pushed to open 

45 by the engaging member 201 to assume the open state. 
. Fuel is guided by the low pressure pump 51 from the 
tank 50 to the fuel introducing port of the pump body 1 , 
and is regulated to a fixed pressure by the pressure reg- 
ulator 52. Thereafter, fuel is pressurized by the pump 

50 body 1 and fed under pressure from the fuel discharge 
port 11 to the common rail 53 in FIG. 7. 
[0094] The operation of the high pressure pump con- 
stituted as described above will be described hereinaf- 
ter. 

55 [0095] The lifter 3 provided at'the lower end of the 
plunger 2 is pressed against the cam 100 by the spring 
4. The plunger 2 is reciprocated by the cam 1 00 rotated 
by an engine cam shaft or the like to change the volume 
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in the pressurizing chamber 12. 
[0096] When the intake valve 5 is closed during the 
compression stroke of the plunger 2, pressure in the 
pressurizing chamber 12 rises whereby the discharge 
valve 6 is automatically opened to feed fuel under pres- 
sure to the common rail 53. 

[0097] The intake valve 5 is automatically opened 
when pressure of the pressurizing chamber 1 2 gets low- 
er than that of the fuel introducing port, but closing of 
valve is decided according to operation of the engaging 
member 201 of the solenoid 200. 
[0098] When the solenoid 200 keeps the ON (ener- 
gization) state, electromagnetic force in excess of bias- 
ing force of the spring 202 is generated, the engaging 
member 201 is drawn to the solenoid 202 side to as- 
sume a returning position , at, which point of time the en- 
gaging member 201 is separated from the intake valve 
5. In this state, the intake valve 5 works as an automatic 
valve which is opened and closed by a pressure differ- 
ence between upstream and downstream of the intake 
valve 5 in synchronism with the reciprocation of the 
plunger 2. Accordingly, during the compression stroke, 
the intake valve 5 is closed, and fuel for a portion re- 
duced in volume of the pressurizing chamber 1 2 pushes 
to open the discharge valve 6 and is fed under pressure 
to the common rail 53. Thereby, the maximum discharge 
of the pump can be carried out irrespective of the re- 
spondence of the solenoid 200. 

[0099] On the other hand, when the solenoid 200 is 
in the OFF (deenergization) state, the engaging mem- 
ber 201 is engaged with the intake valve 5 by biasing 
force of the spring 202 to hold the intake valve 5 in the 
open state. Accordingly fuel in the cylinder (in the pres- 
surizing chamber) is returned through the through hole 
5Aa opened during the compression stroke so that pres- 
sure of the pressurizing chamber 1 2 keeps the low pres- 
sure state substantially equal to the fuel introducing port, 
because of which, the discharge valve 6 cannot be 
opened. Thereby the pump discharge quantity can be 
made zero. 

[0100] If the solenoid 200 is turned into the ON state 
in the midst of the compression stroke, the intake valve 
5 which has lost biasing force in the opening direction 
caused by the engaging member 201 to momentarily 
close the through hole 5Aa by the spring 5a and the 
pressure of the pressurizing fuel. Accordingly the dis- 
charge valve 6 is opened, from that lime on, to feed fuel 
under pressure from the discharge hole 11 to the com- 
mon rail 53. If pressure feeding is once started, pressure 
in the pressurizing chamber 12 rises till next intake 
stroke takes place, and therefore, even if the solenoid 
200 is turned into the OFF state later, the intake valve 
5 maintains its closed state till next intake stroke starts. 
When the intake stroke starts, pressure in the pressu- 
rizing chamber gets lower than that of the low pressure 
passage so that the intake valve 5 is automatically 
opened. Thereby, the discharge quantity can be adjust- 
ed according to ON timing of the solenoid 200 (that is, 



drawing timing of the engaging member). Sine the en- 
gaging member of the solenoid 200 may be returned to 
the projecting position (that is, th position when the so- 
lenoid is turned OFF) before the compression stroke 

5 starts, the' high speed respondence of the engaging 
member 201 is not required. Thereby, biasing force of 
the spring 202 can be made small, and as a conse- 
quence, the OFF-ON respondence of the solenoid 200 
(that is, the projection-drawing respondence of the en- 

10 gaging member) can be improved. 

[0101] Importantly, being different from the conven- 
tional electromagnetic driving valve, since the solenoid 
will suffice to draw the plunger rod only the movable 
portion becomes light, from which point, the respond- 

15 ence is improved. Driving can be made by a small sole- 
noid. 

[0102] Further since the valve body is not strongly 
knocked against the seat by electromagnetic attraction 
different from the electromagnetic valve, no damage 
20 possibly occurs. 

[01 03] The ON time or ON timing of the solenoid 200 
in the compression stroke is controlled whereby the dis- 
charge quantity to the common rail 53 can be controlled 
variably. Further, adequate discharge timing is comput- 
es ed by the ECU on the basis of a signal of a pressure 
sensor 56 to control the solenoid 200, whereby pressure 
of the common rail 53 can be maintained at substantially 
constant value. Further, the OFF-ON respondence can 
be enhanced without making the solenoid 200 larger in 
30 size. 

[0104] Next, modifications of the intake valve 5, the 
engaging member 201, and the valve body will be de- 
scribed with reference to FIGS. 12 to 14. In these em- 
bodiments, either of the intake valve 5 and the engaging 

35 member 201 is made to be a concave shape, while the 
other is made to be a convex shape so that the concavo- 
convex engagement is provided. $fith this constitution, 
it is possible to prevent the engaging portion from being 
displaced and/or slipped off, and the secure operation 

40 of the intake valve 5 and the engaging member 201 can 
be carried out. While in the present embodiment, the 
shape of the intake valve 5 is in the form of a ball valve 
and a cylindrical valve, it is noted that a conical valve, a 
reed valve or the like can be also employed. 

4s [0105] In FIGS. 12 and 13, a position of the intake 
valve 5 upon opening is decided by a stopper 201 a por- 
tion provided on the engaging member 201 . With this, 
since set load of the spring 202 can be maintained con- 
stant, attraction speed (valve-closing respondence) of 

50 the engaging member 201 can be stabilized. According- 
ly, control of the valve-closing timing is made easy. 
[0106] Further in FIG. 14, a position of the intake 
valve 5 upon opening is decided by a stopper 5b portion 
provided on the intake valve 5. With this constitution, 

55 since a positional relationship between the intake valve 
5 and the seat portion can be made constant, passage 
resistance when the valve is opened can be made con- 
stant as well. Accordingly, the opening stroke of the in- 
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take valve 5 need not be made greater than that is need- 
ed to provide miniaturization. 

[0107] The position of the stopper can be selected ac- 
cording to the required content of the pump. 
[01 08] Returning to FIG. 8, a further detailed embod- 
iment will be described. In the present embodiment, a 
ball valve is used for the discharge valve 106, and a cy- 
lindrical member 1 06c held for reciprocation and sliding 
movement in a discharge passage 111js placed in en- 
gagement therewith by means of a spring 106a. By do- 
ing so, the respective members can be easily fabricated, 
and the ball valve 106 can be securely held, and oscil- 
lations or the like of the ball valve caused by the fuel 
flow when the valve is opened can be suppressed. Fur- 
ther it is also possible for holding the ball valve more 
securely to integrate the cylindrical member 106c with 
the ball valve 1 06 by welding or the like. These construc- 
tions can be also used in the intake valve. 
[0109] The capacily variable mechanism will be de- 
scribed in further detail with reference to FIGS. 15 and 
1 6. An annular recess portion 5B is formed at a part up- 
stream of an intake hole 5b of the pump body 1 . 
[0110] An outer peripheral portion of one end of a 
holder 5C for accommodating an intake valve 5 is spig- 
ot-fitted in the annular recess 5B, both of which are fix- 
edly pressed in. On the intake hole 5b side of the holder 
5C are bored with five through-holes 5D as shown in 
FIGS. 17 and 18. 

[0111] A spring 105a (5a) is retained in the center of 
the holder 5. On the intake hole (5b) side of the spring 
105d (5a) ; a cup-shaped valve 105 (5) shown in FIGS. 
19A and 19B is mounted so as to surround the spring 
105a (5a). 

[0112] The pump body 1 is further formed with an an- 
nular chamber 1 1 0A larger in diameter than that of the 
annular recess 5B. As a consequence, the chamber 
1 10A forms an intake chamber in communication with a 
low pressure fuel passage 110. 

[01 13] The pump body 1 is further formed with an an- 
nular cavity 130B with a threaded groove 130A larger in 
diameter than that of the annular chamber 11 OA. 
[0114] A solenoid 200 (130) constituting an electro- 
magnetic driving mechanism is mounted on the annular 
cavity 1 30A. 

[01 1 5] An adaptor 200A formed with threads 200a is 
mounted on the outer periphery of the solenoid 200 
(130), and the threads are engaged into the threaded 
groove of the cavity 130A whereby the solenoid is 
mounted on the cavity 130A. 

[0116] Numeral 200b designates a seal ring, which 
isolates the fuel intake chamber 11 OA from outside air. 
[0117] An annular electromagnetic coil 200B is ac- 
commodated in a closed-end cup-shaped outer core 
200D. A hollow tubular internal fixed core 200C is insert- 
ed into the center of the annular electromagnetic coil 
200B. A disk-like radial-direction core portion 200E is 
formed integrally with one side end of the hollow tubular 
internal fixed core 200C, and the outer circumference of 



the diametral-direction core is secured to the inner pe- 
ripheral wall on the open end side of the cup-like outer 
core 200D by tension-connection. The electromagnetic 
coil 200B comprises an annular bobbin 200c through 
5 which the internal fixed core 200C, a coil 200d wound 
therearound, and a molded resin outer layer 200f in 
which the outer periphery of the coil 200d is subjected 
to molding with resin. 

[0118] The annular electromagnetic coil 200B is ac- 
10 commodated in a state of being axially pressed between 
the inner bottom of the cup-shaped outer core 200D and 
the disk-like radial-direction core portion 200E. A seal 
ring 200g is put in a cavity facing to the bobbin 200c, the 
resin outer layer 200f and the inner fixed core 200C. A 
is seal ring 200h is put in a cavity facing to the resin outer 
layer 200f , the radial -direction core portion 200E and the 
cup-shaped outer core 200 D. 

[0119] The open end side of the cup-shaped outer 
core 200D is sealed by resin mold so as to cover the 
20 outside of the radial-direction core portion 200E, and at 
that time, an outer removing terminal of the electromag- 
netic coil 200B is also molded together to form a con- 
nector 200F. 

[0120] The P portion circled in FIG. 15 will be de- 
25 scribed in more detail in an enlarged scale in FIG. 16. 
[0121] A portion 230 of the bottom of the closed-end 
cup-shaped outer core 200D has a through hole 231 in 
the center thereof. 

[01 22] An annular recess 232 is formed continuously 
30 to the outside of the through hole 231 . The diameter of 
the annular recess 232 is larger than that of the through 
hole 231 . 

[0123] A movable core 131a is inserted into the 
through hole 231 . An engaging member 201 in the form 
35 of a plunger rod is formed integrally with the movable 
core 131a. 

[0124] An annular movable stopper 201c is also 
formed integrally at a longitudinal intermediate position 
of the engaging member 201 . A C ring-like fixed stopper 

40 member 233 is fitted, between the stopper 201 c and the 
movable core 1 31 a, into the rod portion of the engaging 
member 201 in the radial direction using a cut groove. 
In this state, the movable core 131a is inserted into the 
through hole 231 , the fixed stopper member 233 is 

45 pressedly fixed into the annular recess 232, and the 
movable core 131a and the engaging member 201 are 
mounted on the solenoid 200 in such a manner of ex- 
tending through the bottom portion 230 of the outer fixed 
core 200D. 

50 [0125] Further, a guide member 220 is press-fitted in 
the annular recess 232 so as to hold a C-ring fixed stop- 
per 233. 

[0126] The guide member 220 is formed with a stop- 
per surface 221 facing to the stopper surface 233a of 
55 the fixed stopper 233 : and a movable stopper 201 C can 
be reciprocated by stroke Ss=45 micron between these 
two stopper surfaces. 

[0127] The guide 220 is bored in the center with a 
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guide hole 220b. The engaging member 201 extends 
through the guide hole 220b to thereby control the radial 
movement for reciprocation along the center axis of the 
solenoid 200. 

[0128] The guide 220 is bored with a plurality of 
through holes 220C in a radial direction. The through 
holes 220C are communicated with a low pressure fuel 
passage around the guide 220. 

[0129] The through holes 220C are connected to a 
center hole 220A of the guide 220. The center hole 220A 
is open (220B) to the axial end of the guide 220, and an 
end surface 220a around the opening 220B forms a seat 
surface of the intake valve 1 05 (5). 
[0130] As a consequence, aCohown in FIG. 15, in the 
state in which the solenoid 200 (1 30) is mounted on the 
pump body 1 , the outer periphery of the axial-direction 
end surface of the guide 220 comes in pressure contact 
with the end surface of the holder 5C, both of which con- 
stitute an intake valve mechanism. 
[0131] In addition, in the engaging member 201, a 
metal ball is secured to the end of the plunger rod portion 
by welding. 

[0132] The cup-shaped movable core 131a accom- 
modates internally a spring 202 (1 32), and one side end 
of the spring 202 (1 32) is in contact with the end surface 
of an adjust screw 200G threadedly fitted in the center 
of a fixed core 200C in the center side. 
[0133] The adjust screw 200G adjusts a set load of 
the spring 202 (132) to adjust properties of moving op- 
eration of the engaging member 201 . 
[0134] The spring 202 (132) biases the movable core 
131aandthe engaging member 201 (131) in the direc- 
tion opposite to the adjuster 200G, and as a result, the 
stopper surface 201 a of the stopper 201 c comes in con- 
tact with the stopper surface 221 of the guide member 
220. 

[0135] As a result, the ball member 210 at the end of 
the engaging member 201 (131) projects by dimension 
of Sg = 35 micron from the end 220a of the guide 220. 
At that time, the ball member 21 0 causes the valve body 
1 05 (5) to levitate by dimension of Sg = 35 micron from 
the seat surface of the guide member 220 against the 
force of the spring 1 05a (5a) to connect the opening 
220B to the intake hole 5b of the cylinder through five 
holes 5D of the holder 5C. 

[0136] The axial end surface of the movable core 
131a faces away by a gap Ga from the axial-direction 
end surface of the inner fixed core 200C. On the other 
hand, the outer peripheral surface of the movable core 
131a faces through a slight diametral gap to the inner 
peripheral surface of the through hole 231 of the outer 
fixed core 200D. 

[0137] As a result, when power is supplied (that is, 
energization) from a connector 200F to a coil 200B, 
there is formed a closed magnetic path passing through 
the outer fixed core 200D, the movable core 131a, the 
inner fixed core 200C and the disk member 200E. 
[0138] As a result, magnetic attraction is generated 



between the opposing end of the movable core 131a 
and the inner fixed core 200C. 

[0139] This magnetic attraction draws the movable 
core 1 31 a toward the inner fixed core 200C against the 

5 force of the spring 132. 

[0140] The stroke of the movable core 131a termi- 
nates at a position where the stopper 201c of the en- 
gaging member 201 comes in contact with the stopper 
surface 233a of the fixed stopper 233. Its distance is 

10 Ss=45 micron. 

[0141] At the end of stroke of the movable core 131a, 
a gap Ga between the movable core 131a and the end 
surface of the inner fixed core 200C is 6 micron. 
[0142] A n on -magnetic ring 1 33 is secured to the inner 

is periphery of the movable core 1 31 a, a portion projecting 
from the movable core 131a of the non-magnetic ring 
133 is guide to the inner peripheral surface of the inner 
fixed core 200. As a result, the radial movement of the 
movable core 131a is controlled. 

20 [0143] Thus, the engaging member 201 and the mov- 
able core 131 are guided at two places distanced each 
other in the axial direction to enable the stable move- 
ment. 

[0144] After all, as a result of the stroke of the movable 
25 core 131a, the ball member 210 at the end of the en- 
gaging member 201 (1 31 ) is held at a position withdrawn 
by dimension of Sa = 10 micron from the seat surface 
220a of the guide member 220. 

[0145] At that time, the intake valve 105 (5) is disen- 

30 gaged from the ball member 21 0 and is pressed against 
the seat surface 220a of the guide member 220 by the 
force of the spring 1 05a (5a). As a result, the intake valve 
105 (5) closes the center opening 220B of the guide 
member 220 to intercept between the low pressure fuel 

35 passage and the holder 5. 

[0146] The intake valve 105 (5) is formed in a cup- 
shape, as shown in FIGS. 19A and 19B, and is held in 
the state of being put around the spring 105a (5a). 
[0147] The axial-direction end surface to be the seal 

^o surface has a circular convex portion 1 05A whose cent- 
er comes in contact with the ball member 210, and an 
annular convex portion 105B in contact with the seat 
surface 220a of the guide 220. An annular groove 105 
is formed between both the convex portions. 

45 [0148] Both the convex portions are subjected to cut- 
ting so that their heights are the same. 
[0149] Since the seat surface is constituted by the an- 
nular convex portion 1 05B, one-sided abutment with the 
seat surface on the guide member side is reduced so 

50 that the contact therebetween becomes tight to enhance 
the seat property. The intake valve 105 (5), the guide 
member 220 and the ball member 210 impinge upon 
one another, the number of times of which extends to a 
million during the service life of the internal combustion 

55 engine. Allowable abrasion of these members under 
these conditions is only in order of 10 micron. Particu- 
larly when the contact portion between the intake valve 
105 (5) and the ball member 210 becomes worn by 35 
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micron , even if the movable core 131a and the engaging 
member 201 (131) stroke by 45 micron, the intake valve 
105 (5) cannot be levitated from the seal surface. That 
is, in such a state as described, the opening valve state 
of the intake valve 105 (5) cannot be maintained, and 5 
control of capacity cannot be accomplished. Then, it has 
been found as a result of various studies of conditions 
less in abrasion that use of material having hardness 
equal to or more than 30 H RC in Vickers hardness scale 
is preferable. More specifically, it has been found that 
as a material to satisfy with this condition, stainless steel 
SUS440C as set forth in Japanese Industrial Standard 
(J IS) is advantageous. 

[0150] On the other hand, since the movable core 
1 31 a and the plunger rod portion of the engaging mem- 
ber 201 (1 31 ) constitute a magnetic path, material need 
be a magnetic material, from a viewpoint of which it has 
been found that the magnetic stainless steel SUS420J2 
as set forth in Japanese Industrial Standard (JIS) is ad- 
vantageous. 

[0151] Thus, in the deenergization state of the coil of 
the solenoid 200 (1 30), it can be set so that the force of 
the spring 132 overcomes the force of the spring 105a 
(5a), and the engaging member 201 (131) strokes by 35 
micron to levitate the intake valve 105 (5) from the seat 
surface. 

[0152] In the present embodiment, since the ball 
member 210 is separated from the plunger rod portion, 
materials matching with the respective functions can be 
used. 

[01 53] Where the movable core 131a and the plunger 
rod portion of the engaging member 201 (131) are 
formed separately of different materials, and then are 
integrated by post-processing through a method such 
as welding or tension bonding, it is possible that the 
plunger rod portion and the ball member can be formed 
integrally. In this case, the ball portion, the plunger rod 
portion and the stopper portion are cut out from the 
same member by cutting. 

[0154] The ball member not always need be spheri- 
cal. The joining surface with the engaging member 201 
(131 ) may be flat. Therefore, the ball member may be a 
hemisphere. 

[0155] In the present embodiment, the engaging 
member is formed at its end with an annular recess, into 
which a part of a spherical member is embedded and 
held, and the contact surfaces thereof are welded for 
joining, and therefore, the joining work is very easy, and 
the centers of the ball member and the engaging mem- 
ber tend to be registered. 

[01 56] In the present embodiment, mounting of an in- 
take valve mechanism having a variable capacity func- 
tion is completed merely by press-fitting the valve holder 
5C into the recess 5B of the pump body 1 , and screwing 
the solenoid 200 (130) assembled separately into the 
recess portion 130B with a threaded groove, thus 
achieving the good workability. 

[0157] Reference numeral 200e designates a foam 



escaping hole. Where vapor is generated in the low 
pressure fuel passage due to heat of the engine, the 
foam is temporarily protected in an annular cavity 200i 
passing through the foam escaping hole 200e to prevent 
the vapor entering the pressurizing chamber in the cyl- 
inder 8 passing through the intake valve 1 05 (5). 
[0158] In the description of the present embodiment, 
the entirety including the movable core, the plunger rod 
portion and the ball member is called, macrowise, the 
engaging member. However, the movable core may al- 
so be formed from a separate member, and it may some- 
times be necessary to be distinguished from the mova- 
ble core in functionality. In some passages, the plunger 
rod portion and the ball member portion have been ex- 
plained as the engaging member taking the above into 
consideration. 

[0159] In the present embodiment, the valve body is 
completely separated from the electromagnetic driving 
mechanism, from which point, the present embodiment 
is exactly different in constitution and operation from the 
variable capacity mechanism by way of an electromag- 
netic valve (a valve being secured to the driving mech- 
anism) in the prior art. 

[0160] Since extra attraction of the driving mechanism 
after the contact of the valve body with the seat is com- 
pleted does not exert on the valve body, the valve body 
and the seat surface are less worn, and no mechanical 
stress acts between the valve body and the plunger of 
the driving mechanism. The force involved in opening 
operation of the valve body when the valve body is 
opened due to a pressure difference between upstream 
and downstream of the valve body is only the spring 
force for generating a valve closing force, making the 
movement quick. 

[0161] In the prior art of the electromagnetic valve 
system, not only the valve body but also the plunger of 
the driving mechanism and the movable core need to 
move together, and it is necessary to make great by 
what is required for the force of the spring (which exerts 
in a valve opening direction) on the side of the electro- 
magnetic driving mechanism, and as a result, when driv- 
ing to the closing side, a great force is necessary where- 
by the electromagnetic mechanism becomes large. 
[01 62] Further, the movement of the valve body itself 
also becomes dull. 

[0163] For the reasons mentioned above, in the 
present embodiment, despite the fact that the valve 
body and the electromagnetic plunger are independent 
thereof : the present embodiment should be clearly dis- 
tinguished from the prior art electromagnetic valve sys- 
tem. 

[0164] According to the further characteristic consti- 
tution, the intake opening (220a) opened and closed by 
the intake valve 1 05 (5) is formed on the side of the elec- 
tromagnetic driving mechanism. 
[0165] This is the very important constitution in con- 
trolling the stroke of the plunger rod as the engaging 
member 201 (131) on the basis of the seat surface on 
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which the intake valve seats. 

[0166] That is, this provides the merit capable of in- 
dependently adjusting and inspecting the seat surface 
and the stroke of the engaging member before incorpo- 
rating them into the pump body. 
[0167] In the present embodiment, the relation be- 
tween the seat surface of the intake valve and the stroke 
of the engaging member exactly remains unchanged 
even after the electromagnetic driving mechanism has 
been incorporated into the pump body. 



a seal material arranged in a sliding portion of 
said pressurizing member; 
a connecting passage for communicating a fuel 
passage side of the seal material with a fuel in- 
5 take passage; and 

a check valve arranged in the connecting pas- 
sageto preventfuel from enteringfrom said fuel 
intake passage side to said seal material side. 

10 6. The high pressure fuel supply pump according to 
claim 1 , characterized in that: 



Claims 

1 . A high pressure fuel supply pump having a pressu- 
rizing chamber tor pressurizing fuel supplied from 
an intake passage of fuel by a pressuring member 
to feed it under pressure to a discharge passage 
characterized in that: 

in addition to a main pressurizing chamber in 
which said pressurizing member is arranged, a 
sub-pressurizing chamber for communicating 
said intake passage with said discharge pas- 
sage is provided. 

2. The high pressure fuel supply pump according to 
claim 1 , characterized in that said intake passage 
and said discharge passage are communicated 
with an upper end portion of said pressurizing 
chamber. 

3. The high pressure fuel supply pump according to 
claim 1 , characterized in that: 

wherein said sub-pressurizing chamber is ar- 
ranged substantially annularly on the outer circum- 
ference of said main pressurizing chamber. 

4. A high pressure fuel supply pump having a pressu- 
rizing chamber for pressurizing fuel supplied from 
an intake passage of fuel by a pressuring member 
to feed it under pressure to a discharge passage 
characterized in that it comprises: 

a pressurizing chamber forming member hav- 
ing a tapered surface at an end and formed 
from a member separately from a pump body : 
and said tapered surface of said pressurizing 
chamber forming member is compression-fit- 
ted by a fixing member to thereby form said 
pressurizing chamber. 

5. A high pressure fuel supply pump having a pressu- 
rizing chamber communicated with an intake pas- 
sage of fuel and a discharge passage, and a pres- 
surizing member for feeding under pressure fuel 
within the pressurizing chamber to said discharge 
passage, characteriz d in that it comprises: 
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said check valve is open when a pump stops 
its operation. 

The high pressure fuel supply pump according to 
claim 2, characterized in that said check valve is 
formed from an elastic member. 

A high pressure fuel supply pump for an internal 
combustion engine, comprising: 

a valve body for opening and closing a through 
hole for communicating a low pressure side fuel 
passage with a cylinder of a pump; 
a spring element which exerts on the valve 
body to bias it in a direction in which said valve 
body closes said through hole; 
an engaging member engaged with or moved 
away from said valve body to assist opening 
and closing of said valve body; and 
an electromagnetic driving device for electro- 
magnetically driving said engaging member in 
association with the operating state of the inter- 
nal combustion engine. 

A high pressure fuel supply^pump for an internal 
combustion engine, comprising: 

an electromagnetic operating mechanism con- 
trolled by a signal from a control-unit of the in- 
ternal combustion engine; 
an engaging member provided in said electro- 
magnetic operating mechanism to take an ad- 
vanced first position and a withdrawn second 
position by a control signal from said control 
unit; 

a valve body for opening and closing a fuel in- 
troducing port for communicating a cylinder of 
a pump with a low pressure side fuel passage; 
and 

a spring for biasing said valve body in a direc- 
tion in which said fuel introducing port closes; 
said high pressure fuel supply pump for an in- 
ternal combustion engine configured as that 
when said engaging member is at the first po- 
sition, said valve body is held at the position at 
which said fuel introducing port is opened; and 
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when said engaging member is at the second 
position, said valve body is opened and closed 
due to a pressure difference between upstream 
and downstream of said valve body. 

10. The high pressure fuel supply pump for an internal 
combustion engine according to claim 9, wherein 
when fuel pressure in said pump cylinder exceeds 
a predetermined value after said valve body has 
been closed, said valve body prevents said engag- 
ing member from changing to the first position. 

11. A high pressure fuel supply pump for an internal 
combustion engine, comprising: 

a cylinder; 

a plunger which reciprocates within said cylin- 
der to change the volume within the cylinder; 
a valve body provided, in order to open and 
close a through hole for connecting the interior 
of the cylinder with a low pressure fuel passage, 
on the downstream side of said through hole; 
a first spring for biasing the valve body in a clos- 
ing direction; 

an engaging member installed on the side of 
said low pressure fuel passage to operate said 
valve body to an opening position against force 
of said first spring; 

a second spring for imparting said engaging 
member resisting force to the force of said first 
spring; and 

an electromagnetic driving device for releasing 
said engaging member from the state engaged 
with said valve body against the force of said 
second spring. 

12. The high pressure fuel supply pump for an internal 
combustion engine according to claim 11, wherein 
said through hole is a fuel intake hole. 

13. The high pressure fuel supply pump for an internal 
combustion engine according to claim 11, wherein 
said through hole is a fuel spill (overflow) hole. 

14. The high pressure fuel supply pump for an internal 
combustion engine according to claim 11 , wherein 
operating timing of said electromagnetic driving de- 
vice is selected as fixed timing during compression 
operation of said plunger within said cylinder. 

15. The high pressure fuel supply pump for an internal 
combustion engine according to any according to 
claims 8, 9 and 11; 

wherein said engaging member has an elon- 
gated rod; and 

a ball member is mounted on the end on said 
valve body side of said rod portion. 



16. The high pressure fuel supply pump for an interna! 
combustion engine according to claim 15; 

wherein said ball member is formed of a ma- 
terial having hardness equal to or more than H RC 
5 30 in Rockwell hardness scale. 

17. The high pressure fuel supply pump for an internal 
combustion engine according to claim 15, wherein 
said ball member is formed of stainless steel 

10 SUS440C in accordance with JIS Standard. 

18. The high pressure fuel supply pump for an internal 
combustion engine according to any of claims 8, 9 
and 1 1 , wherein said valve body is formed of a ma- 
ts terial having hardness more than H RC 30 in Rock- 
well hardness scale. 

19. The high pressure fuel supply pump for an internal 
combustion engine according to any of claims 8, 9 

20 and 11 , wherein said valve body is formed of stain- 
less steel SUS440C in accordance with JIS Stand- 
ard. 

20. The high pressure fuel supply pump for an internal 
25 combustion engine according to claim 15, wherein 

said rod portion is formed of a magnetic material. 

21. The high pressure fuel supply pump for an internal 
combustion engine according to claim 15, wherein 

30 said rod portion is formed of magnetic stainless 
steel SUS420J2 in accordance with JIS Standard. 

22. The high pressure fuel supply pump for an internal 
combustion engine according to any of claims 8, 9 

35 and 11, wherein a member formed with said through 
hole is formed of stainless steel SUS440C in ac- 
cordance with JIS Standard. 

23. The high pressure fuel supply pump for an internal 
40 combustion engine according to claim 15, wherein 

said valve body and said ball member are formed 
of stainless steel SUS440C in accordance with JIS 
Standard, and said rod portion is formed of magnet- 
ic stainless steel SUS420J2 in accordance with JIS 
45 Standard. 

24. A high pressure fuel supply pump, comprising: 

a valve member provided in a fuel passage 
so leading to a cylinder for receiving fuel; 

a spring for imparting force for closing or open- 
ing said fuel passage to said valve member; 
a valve operating member for pushing or pulling 
said valve body in a direction along the axis of 
55 a component of said spring to change said 

valve member to an opening position or a 
closed position; and 

an electromagnetic mechanism for operating 
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said valve operating member and said valve 
member to a separated state and/or an en- 
gaged state so as to operate said valve mem- 
ber to the opening position or the closed posi- 
tion through said valve operating member. 

25. A high pressure fuel supply pump, comprising: 

an intake check valve provided in a fuel inlet 
portion of a cylinder; 

an operating member which comes in contact 
with said intake check valve to forcibly operate 
it to the opening position; and 
an electromagnetic mechanism for pulling said 
operating member away from said intake check 
valve to move said intake check valve to a non- 
contact position. 

26. A hgh pressure fuel supply pump comprising an 
electromagnetic mechanism having a plunger bi- 
ased tc a j jm:>-out position by a spring, and an elec- 
tromagnetic solenoid for operating said plunger to 
ft withdrawn position and 

an intake check valve provided in a fuel inlet 
of a pump said electromagnetic mechanism being 
mounted integral with the pump body so that when 
saic plunger »s at the jump-out position, it comes in 
contact with said chock valve to operate said check 
valve to an opening position and when at the with- 
drawn position, it moves away from said check 
valve to operate said check valve to a closed posi- 
tion 

27. A high pressure fuel supply pump : comprising: 

a valve body loaded with spring so that a fuel 
introducing port of a cylinder is closed from the 
compression chamber side of the cylinder; and 
an opening and closing operating mechanism 
which is moved away from the valve body in the 
stroke in which said valve body closes said fuel 
introducing port, and said high pressure fuel 
supply pump comes in contact with the valve 
body in the stroke in which said valve body is 
opened imparting force opposite to said spring 
force thereto. 

28. A high pressure fuel supply pump having a pressu- 
rizing chamber communicated with an intake pas- 
sage of fuel and a discharge passage, a piston for 
feeding fuel under pressure in said pressurizing 
chamber to said discharge passage, and an intake 
valve provided within said intake passage, wherein 
when pressure at downstream of said intake valve 
is equal to or higher than pressure upstream there- 
of, a valve closing force is generated in said intake 
valve, said supply pump comprising an engaging 
member applied with a first biasing force so as to 



oppose when said intake valve moves in a closing 
direction, and an actuator for exerting a second bi- 
asing force opposite to said first biasing force to the 
engaging member by an external input, in which 
5 when said first biasing force is s t off by said second 
biasing force, said engaging member is pulled away 
from said intake valve. 

29. The high pressure fuel supply pump according to 
10 claim 28, wherein resultant force of the closing force 

of the intake valve generated when pressures at up- 
stream and downstream of said intake valve are 
equal to each other and the second biasing force 
by said actuator is made higher than said first bias- 
es ing force. 

30. The high pressure fuel supply pump according to 
claim 28, wherein said actuator generates the sec- 
ond biasing force by electromagnetic force. 

20 

31. The high pressure fuel supply pump according to 
claim 28 : wherein an engaging portion between 
said intake valve and said engaging member is in 
the form of a concavo-convex engagement. 

25 

32. A high pressure fuel supply pump having a pressu- 
rizing chamber communicated with an intake pas- 
sage of fuel and a discharge passage, a pressuriz- 
ing member for feeding fuel under pressure in said 

30 pressurizing chamber to said discharge passage, 
and a check valve for controlling a flowing direction 
of fuel with respect to at least one pressurizing 
chamber in said intake passage or said discharge 
passage, characterized in that a spherical valve 
35 body is provided at at least one part of said check 
valve, and a substantially cylindrical member is 
placed in contact with said spherical valve body to 
slidably support said cylindrical member on the in- 
ner wall of passage. 

40 

33. A high pressure fuel supply pump having a pressu- 
rizing chamber communicated with an intake pas- 
sage of fuel and a discharge passage, a cylindrical 
member forming a part of said pressurizing cham- 
ps ber and having a sliding hole for supporting a plung- 
er type piston to allow reciprocation and slidabie 
movement, and a pump body for holding said cylin- 
drical member to form a part of said pressurizing 
chamber, characterized in that said cylindrical 

50 member has a large diameter portion enlarged in 
inner wall at one end of the sliding hole, and is held 
on the pump body at an outer wall of said enlarged 
inner wall. 

55 34. The high pressure fuel supply pump according to 
claim 33, characterized in that substantially annu- 
lar passages communicating with one end opposite 
to the pressurizing chamber of the sliding hole are 
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provided externally on both sliding hole of said cy- 
lindrical member and said enlarged inner wall, said 
annular passage is enabled to communicate with a 
fuel introducing passage. 

5 

35. A high pressure fuel supply pump for an internal 
combustion engine, comprising: 

an electromagnetic driving mechanism provid- 
ed with a holder in which an intake valve mech- 10 
anism is accommodated in an intake passage 
portion communicated with a pressurizing 
chamber and having a plunger rod which 
moves forward and backward along the same 
axis as said intake valve and a movable core *5 
mounted thereon, wherein an intake opening 
opened and closed by said intake valve is 
formed at a part in contact with said holder of 
said electromagnetic driving mechanism. 
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